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Description 

Piezo actuator and associated production method 

The invention relates to a piezo actuator, in particular a 
piezo actuator for actuating an injector for an injection 
system of an internal combustion engine according to the 
preamble of claim 1 as well as an associated production method 
according to claim 16. 

In modern injection systems for internal combustion engines, 
piezo actuators which essentially consist of a stack of 
multiple layers of piezo elements are increasingly being used 
to actuate the injectors. Between the individual piezo layers 
of the stack are electrode layers enabling the immediately 
adjacent piezo elements to be electrically contacted. 
Metallizations which extend over the entire length of the 
stack are additionally provided on two opposite sides of the 
stack, the electrode layers being electrically connected 
alternately to one of the two metallizations. However, the 
actual electrical contacting of the piezo actuator is via two 
electrically conductive connection pins between which the 
piezo stack is disposed, the two connection pins each being 
separately connected to one of the two metallizations of the 
piezo stack. 

To establish the electrical connection between the connection 
pins and the metallizations of the piezo stack, the piezo 
stack is normally inserted together with the connection pins 
in a multiple mount in which the connection pins are fixed in 
a predefined position relative to the piezo stack, whereupon 
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an electrically conductive wire is wound around the piezo 
stack and the connection pins in a large number of turns. 
After the wire has been wound around the piezo stack and 
connection pins, the individual turns of the wire are then 
soldered to the metallization and the connection pins, thereby 
establishing an electrical connection between the 
metallizations and the associated connection pins. The 
remaining wire sections between the opposite-polarity 
connection pins or metallizations are then severed and removed 
in order to insulate the latter from one another. Passivation 
is then applied to the piezo stack and a foil is adhesively 
attached to the edges of the piezo stack as edge protection. 
Finally the units consisting of a piezo stack and two 
connection pins are then removed from the multiple mount and 
inserted in suitable sleeves for encapsulation. 

The disadvantage of this known production method for a piezo 
actuator is firstly the fact that the individual piezo units 
have to be removed from the multiple mount and inserted in the 
associate sleeve for encapsulation, which requires an 
additional operation. 

Moreover, during encapsulation the two connection pins of a 
piezo unit must be precisely aligned by a separate guide until 
the potting compound has cured, thereby immovably fixing the 
connection pins in position. 

The object of the invention is therefore to simplify the above 
described known production method for a piezo actuator wherein 
the precise orientation of the connection pins of the piezo 
actuator must be ensured. 
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This object is achieved by a novel assembly mount according to 
claim 1 and an associated production method according to claim 
16. 

The invention included the general technical teaching of not 
inserting the individual piezo stacks with the associated 
connection pins for assembly in a multiple mount together with 
other piezo stacks and the associated connection pins, but 
inserting them in an individual mount which only accommodates 
a single piezo stack with two associated connection pins. The 
advantage of this is that the piezo actuator can then be 
encapsulated in the individual mount, said individual mount 
spatially fixing the connection pins of the piezo actuator so 
as to obviate the need for a separate guide for the two 
connection pins. The invention therefore proposes a piezo 
actuator assembly mount which is implemented as an individual 
mount for accommodating and holding a single piezo stack with 
two associated connection pins. 

The assembly mount according to the invention preferably has a 
holder incorporating edge protection in order to protect an 
axially running edge of the piezo stack during winding with 
the wire. This edge protection can have, for example, at least 
one axially running rib which covers the piezo stack edge to 
be protected. As two opposite edges of the piezo stack are 
usually mechanically stressed during winding of the piezo 
unit, the edge protection preferably covers two axially 
running, opposite edges of the piezo stack. Edge protection of 
this kind can be implemented, for example, by making the 
holder of the assembly mount according to the invention cage- 
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shaped and providing it with two end plates which are 
interconnected by ribs, said ribs between the two end plates 
additionally serving as edge guards for the piezo stack. 

For such edge protection for the piezo stack it is 
advantageous if a sufficiently large gap remains between the 
edge guard and the piezo stack to allow penetration of the 
potting compound during encapsulation of the piezo actuator in 
the assembly mount. The gap width required for this purpose 
depends essentially on the viscosity and surface tension of 
the potting compound used and can be easily determined by 
simple tests. 

For winding the piezo unit with an electrically conductive 
wire to establish an electrical connection between the 
connection pins and the associated metallizations of the piezo 
stack, the piezo unit with the connection pins is normally 
rotated relative to the wire feed, which during the winding 
process produces a wire tension which is a function of the 
rotation speed of the piezo unit and the effective winding 
radius of the piezo unit. To facilitate wire winding, the 
axially running edges of the piezo stack preferably form an at 
least six-sided polygon with the connection pins and the edge 
guard in cross - section . The advantage of such an 
implementation of the assembly mount according to the 
invention is that the wire tension exhibits only slight 
variations during the winding process. 

It should be mentioned in this connection that, in practice, 
the polygon formed by the edges of the piezo stack, the 
connection pins and the edge guard has no mathematically 



PCT/EP2004/052511 / 2003P12927WOUS 

ENGLISH TRANSLATION OF THE INTERNATIONAL APPLICATION 
FOR NATIONAL PHASE SUBMISSION 
5 

precise corners and edges, so that this term is to be 
understood illustratively. For example, the ribs between the 
end plates of the cage-shaped holder are in practice well 
rounded, which does not, however, stand in the way of a 
polygonal wire winding cross-section within the meaning of the 
invention. 

It is particularly advantageous here if the polygon formed by 
the edges of the piezo stack, connection pins and edge guard 
is essentially equilateral in order to reduce wire tension 
variations during winding. For example, the longest lateral 
edge of the polygon should be no more than 2 0% longer than the 
shortest lateral edge of the polygon, any intermediate values 
within this interval being possible. 

The two connection pins are preferably fixed in a form-fit 
manner in the holder of the assembly mount according to the 
invention in order to precisely align the connection pins 
during the encapsulation process. The advantage of this is 
that it obviates the need for a separate guide for aligning 
the connection pins during encapsulation, thereby 
significantly simplifying production. 

The form- fit fixing of the connection pins in the holder of 
the assembly mount according to the invention can be achieved, 
for example, by extrusion coating or molding in the connection 
pins with the holder material (e.g. plastic) . 

For the spatial orientation of the two connection pins during 
encapsulation, the latter are preferably fixed in two radial 
bearings which prevent any transverse movement of the 
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connection pins. Such radial bearings can consist, for 
example, of bores in the end plates of the cage-shaped holder 
through which the connection pins are passed. 

In the holder, the two connection pins are also preferably 
fixed axially in a thrust bearing at least unilaterally in 
each case in order to also precisely position the connection 
pins axially during encapsulation. 

In addition to the inventive assembly mount described above, 
the invention also includes an associated production method 
whereby the piezo stack and the associated connection pins are 
inserted in an assembly mount implemented as an individual 
mount, as already explained above. 

Other advantageous developments of the invention are set forth 
in the dependent claims or will now be explained in greater 
detail together with the description of the preferred 
exemplary embodiment of the invention with reference to the 
accompanying drawings, in which: 

Figure 1 shows a perspective view of an assembly mount 

according to the invention. 
Figure 2 shows a perspective view of a piezo stack which can 

be inserted in the assembly mount shown in Figure 1 

for assembling a piezo actuator. 
Figure 3 shows the assembly mount shown in Figure 1 into which 

the piezo stack shown in Figure 2 has been inserted, 

and 

Figure 4 shows a finished piezo actuator in the encapsulated 
state . 



PCT/EP2004/052511 / 2003P12927WOUS 

ENGLISH TRANSLATION OF THE INTERNATIONAL APPLICATION 
FOR NATIONAL PHASE SUBMISSION 
7 

The perspective view in Figure 1 shows an assembly mount 1 for 
a piezo stack 2 which is illustrated in detail in Figure 2 and 
will be described briefly below. 

The piezo stack 2 consists of a plurality of vertically 
stacked layers of piezo elements 3, an electrode layer being 
disposed between the individual piezo elements 3. 

For electrical contacting of the piezo stack 2, a 
metallization 4 which extends over the entire length of the 
piezo stack 2 is applied to two opposite lateral surfaces of 
the piezo stack, the individual electrode layers of the piezo 
stack 2 being connected alternately to the metallization 4 and 
the opposite metallization not shown in the drawing. 

For assembly of a piezo actuator, the preassembled piezo stack 
2 is inserted in the assembly mount 1. For this purpose the 
assembly mount 1 is cage- shaped and has two end plates 5, 6 
which are interconnected by longitudinally running ribs 7, 8, 
a cutout 9, 10 being disposed in each of the two end plates 5, 
6, through which cutout 9, 10 the piezo stack can be inserted 
in the assembly mount 1. In the assembled state, the piezo 
stack 2 then protrudes slightly from the assembly mount 1 in 
the axial direction through the cutouts 9, 10, said cutouts 9, 
10 thereby fixing the piezo stack 2. 

In the upper end plate 5, bores to accommodate the connection 
pins 11, 12 are additionally provided laterally adjacent to 
the cutout 9, while the lower end plate 6 has a clamp bearing 
13 which is molded to the end plate 6 in a monolithic manner 
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and guides the lower end of the connection pins 11 and 12 in 
the transverse direction, the lower end of the connection pins 
11 and 12 resting on the upper side of the end plate 6 and 
being thereby axially fixed unilaterally so that the two 
connection pins 11, 12 have the same axial position. 

When the piezo stack 2 has been inserted in the assembly mount 
1, the unit comprising the assembly unit 1 and the piezo stack 
2 can then be wound with an electrically conductive wire 14 as 
shown in Figure 3 . 

The wire 14 is then soldered to the two connection pins 11, 
12, the metallization 4, and the opposite metallization (not 
visible) of the piezo stack 2 in order to establish an 
electrical connection. 

The wire sections between the metallization 4 and the 
connection pin 11 and the wire sections between the connection 
pin 12 and the opposite metallization are then severed and 
removed in order to electrically isolate the two 
metallizations 4 of the piezo stack 2 from one another. 

When the piezo unit has been wound with the wire 14 and the 
superfluous wire sections have been removed, the piezo unit 
can then be encapsulated with a potting compound (e.g. 
silicone) so as to produce, once the potting compound has 
cured, a finished piezo actuator 15 as illustrated in Figure 
4 . 

During encapsulation, the assembly mount 1 fixes the two 
connection pins 11, 12 in a predefined position, which is 
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important for the subsequent electrical contacting of the 
piezo actuator 15. The advantage of this is the fact that, in 
contrast to the conventional production method, a separate 
guide for fixing the connection pins 11, 12 is not required. 

It should also be mentioned that the cutouts 9, 10 in the 
assembly mount 1 are larger than the cross-sectional area of 
the piezo stack 2 in order to allow the potting compound to 
penetrate the interspace. 

Another particularly advantageous aspect of the assembly mount 

1 according to the invention is the fact that the ribs 7, 8 

between the end plates 5, 6 of the assembly mount 1 protect 

the longitudinally running edges of the piezo stack 2 during \ 

winding with the wire 14. The ribs 7, 8 are therefore of 

angular cross-section and cover two opposite edges of the 

piezo stack 2, there remaining between the ribs 7, 8 and the 

piezo stack 2 a gap which is large enough to allow potting 

compound to penetrate. 

The invention is not limited to the preferred exemplary 
embodiment described above. On the contrary, a large number of 
variants and modifications are possible which likewise make 
use of the inventive concept and therefore fall within the 
scope of protection. 



